The diversity and composition of yeast populations may greatly impact wine quality. This study investigated the yeast microbiota in two different types of wine fermentations: direct inoculation of a commercial starter versus pied de cuve method at an industrial scale. The pied de cuve fermentation entailed growth of the commercial inoculum used in the direct inoculation fermentation for further inoculation of additional fermentations. Yeast isolates were collected from different stages of wine fermentation and identified to the species level using Wallersterin Laboratory nutrient (WLN) agar followed by analysis of the 26S rDNA D1/D2 domain. Genetic characteristics of the Saccharomyces cerevisiae strains were assessed by a rapid PCR-based method, relying on the amplification of interdelta sequences. A total of 412 yeast colonies were obtained from all fermentations and eight different WL morphotypes were observed. Non-Saccharomyces yeast mainly appeared in the grape must and at the early stages of wine fermentation. S. cerevisiae was the dominant yeast species using both fermentation techniques. Seven distinguishing interdelta sequence patterns were found among S. cerevisiae strains, and the inoculated commercial starter, AWRI 796, dominated all stages in both direct inoculation and pied de cuve fermentations. This study revealed that S. cerevisiae was the dominant species and an inoculated starter could dominate fermentations with the pied de cuve method under controlled conditions.
Wine fermentation is a complex microbiological process that involves the growth of a succession of several yeast species. The diversity and evolution of non-Saccharomyces and Saccharomyces cerevisiae yeasts play important roles in the taste, flavor, bouquet, and even the color of the wine [8] . Numerous studies have investigated yeast species and population dynamics during wine fermentation [14, 16, 17, 21, 36] and suggest using indigenous yeast to ferment wines with enhanced complexity [26] . Furthermore, strains of S. cerevisiae have been selected for their enological properties and various commercial starters are available to ensure the success of alcoholic fermentation [23] . Therefore, understanding the diversity of yeast species and the stability of yeast strains with sound enological properties during winemaking is important for better control of alcoholic fermentation.
China is a fast developing country and has a great potential for improved wine production and consumption. Currently, there are over 10 major viticulture regions in China and its wine production reached over 10 million hl in 2010. However, the history of modern winemaking and wine research is relatively short in China. The character, style, and quality of Chinese wines and winemaking technologies have not yet been fully identified, developed, and optimized. For wine fermentations, a number of imported commercial active dry yeast (ADY) strains are available and most wineries use ADY to inoculate wine fermentations. However, some wineries in China apply a traditional yeast starter preparation method called "pied de cuve" to induce grape must fermentations. The pied de cuve method uses yeast from a successfully running fermentation inoculated with a commercial starter to start a new grape must fermentation. In this study, the re-use of a commercial inoculum was conducted by the pied de cuve method. The advantage of this method is that the desirable enological properties of yeast strains from the successful fermentation are transferred to the new fermentations. A comparison study [11] analyzed the chemical parameters and sensory characteristics of white wines made from the same yeast starter by direct inoculation and the pied de cuve method, and found that inoculation methods did not affect the sensory profile and the quality of the final wines significantly. However, it must be pointed out that no studies have been carried out to investigate the stability of yeast strains during these fermentations. It is possible that the yeast strains used in the direct inoculation may not have been the same ones that predominated in the pied de cuve fermentations.
The aim of the present study was to evaluate the diversity of yeast species and S. cerevisiae strains during wine fermentations by direct inoculation and pied de cuve methods at an industrial scale. To achieve this, yeast colonies from different fermentation stages were sorted into groups according to growth morphology on Wallersterin Laboratory nutrient (WLN) agar, and representative colonies from each WLN biotype were identified by sequencing the 26S rDNA D1/D2 domain [16, 22] . The species identity of all colonies from each S. cerevisiae group was confirmed by PCR-RFLP of the 5.8S-ITS rDNA region [7] . In addition, the genetic biodiversity of S. cerevisiae strains during fermentations was determine by a molecular method based on analysis of the polymorphisms exhibited by the PCR amplification of the interdelta sequences [15] .
MATERIALS AND METHODS

Industrial Scale Wine Fermentation and Yeast Isolation
Fermentations were carried out at Suntime Winery in Manasi, Xinjiang Province of China in 2009. Cabernet Sauvignon grapes were harvested and destemmed according to standard red winemaking procedures. The grape must had a sugar content of 185 g/l, and the titratable acidity was 8.7 g/l, expressed as tartaric acid. Sulfite was added to a total SO 2 concentration of 30 mg/l. Fermentations with different inoculation methods were performed in two tanks at an industrial scale. Fermentation tanks were of stainless steel (AISI 304 quality) with cooling jackets and a capacity of 110,000 L.
For direct inoculation, active dry yeast of AWRI 796 (Lallemand Inc., Montreal, Quebec, Canada) was suspended in warm water at 35 o C according to the manufacturer's instructions. Then the yeast suspension was added to a fermentation tank containing 88,000 L (80% of the tank capacity) of fresh must. For the pied de cuve method, when the specific density of the fermenting must (obtained from the direct inoculation fermentation) had reduced 10-20 g/l, 4,400 L of fermenting must was transferred to the second tank containing about 88,000 L fresh must. Fermentation temperatures were maintained at less than 28 o C and musts were pumped over twice a day. Samples were taken at four fermentation stages [stage 1 (at inoculation), stage 2 (early fermentation), stage 3 (mid fermentation), and stage 4 (after fermentation)], which were determined by the range of the specific density of the fermention as shown in Fig. 1 . Duplicate aliquots of 0.1 ml from serially diluted samples were plated on YEPD agar (yeast extract 10 g/l, peptone 20 g/l, glucose 20 g/l, agar 20 g/l). After incubation at 28 o C for 2-3 days, 25-30 colonies from each plate were selected, cultured, and maintained on YEPD agar.
Characterization of Yeast Species
Identification of yeast isolates at the species level was carried out on Wallerstein Laboratory nutrient (WLN) medium and sequence analysis of the 26S rDNA D1/D2 domain. Isolates were restreaked on WLN agar [22] , and after 5 days of incubation at 28 o C, colonies were sorted into groups according to morphology and color on WLN agar. For groups with less than three colonies, all isolates were subjected to the 26S rDNA D1/D2 domain sequences analysis. For groups with colony numbers over three, 2-6 representative isolates from each group were selected for the 26S rDNA D1/D2 domain sequences analysis.
DNA Extraction
Yeast cells were grown in 3 ml of YEPD cultures. Total DNA was isolated using a MasterPure Yeast Purification kit (Epicentre, Madison, WI, USA), according to the manufacturer's instructions. DNA was quantified with a ND-1000 Spectrophotometer (NanoDrop, Wilmington, DE, USA). DNA was stored at 0 o C for subsequent use.
26S rDNA D1/D2 Domain Sequencing
The DNA fragment of 26S rDNA D1/D2 domain sequences was amplified with primers NL1 and NL4 [13, 15] PCR products were purified and sequenced by Beijing Sunbiotech Co., Ltd (Sunbiotech, Beijing, China). Sequences were analyzed using the BLAST at NCBI (http://www.ncbi.nlm.nih.gov/blast).
Characterization of S. cerevisiae Strains
Colonies from the S. cerevisiae group were confirmed by PCR-RFLP of the 5.8S-ITS rDNA region [7] . This procedure included amplification with primers ITS1 and ITS4 and subsequently digestion with HaeIII, HpaII, and ScrFI restriction enzymes. Restriction profiles were analyzed by comparison with the fragments in the database (http://www.yeast-id.com/). Fig. 1 . Time course of specific density of grape must during fermentations with direct inoculation ( □ ) and the pied de cuve method (○).
The double arrows indicate sampling stages for yeast population separation and identification.
